Polyclonal reagents have been used to define HLA class II molecules in conventional serologic and cellular typing. We generated human alloreactive T-cell clones to analyze the functional fine specificities of HLA class H molecules that might be important for the phenomenon of HLA and disease association. We chose to examine HLA-Dw14, an HLA-D specificity that has been associated with juvenile rheumatoid arthritis. In this paper we have presented data that suggest that conventional cellular typing does not reflect the distribution of T-cell epitopes on niajor histocompatibility complex class II molecules. We describe three alloreactive T-cell clones that have defined three separate Dwl4-associated T-cell epitopes. Two of these epitopes were on a DR-region molecule; the third was located on a DQ-region product. In a panel of unrelated DR4-positive donors, these three Dw14-associated determinants were present in a high frequency but were not linked to each other. Within the tested panel of DR4-positive cells, all possible combinatorial arrangements of these three allodeterminants were seen. The concurrent expression of any two of the three allodeterminants was equivalent to a positive typing response for Dwl4. Our finding that HLADw14 is not characterized by a unique allodeterminant but by the combinatorial recognition of independently distributed T-cell interaction sites suggests that analysis of HLA and disease association may be more clearly demonstrated through the use of human T-cell clones.
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HLA-D determinants represent target structures of alloreactive T lymphocytes and may play an essential role in the regulation of MHC class II restricted antigen-specific T lymphocytes. In HLA-associated autoimmune disease, altered immune responses may be involved in the induction and perpetuation of disease. Recent developments have made it possible to generate monospecific T-cell clones (6) that can be used as probes to analyze the functional fine specificity of class II polymorphism. The serotype HLA-DR4 is composed of at least five HLA-fl specificities: Dw4, DwlO, Dw13, Dw14 , and Dw15 (7, 8) . We have generated alloreactive T-cell clones to dissect the HLA-D specificity Dw14, strongly associated with seropositivejuvenile rheumatoid arthritis (9) . We describe three alloreactive T-cell clones that recognized separate Dw14-associated determinants. While these clones recognized only Dw14-positive cells in a panel of homozygous typing cells, in testing a panel of cells obtained from unrelated donors with DR4 haplotypes, the T-cell epitopes recognized by these clones appear to distribute independently. These data demonstrate that HLA-Dw14 is not defined by a unique allodeterminant. In ah unselected population, Dw14-negative individuals can express single Dwl4-associated determinants. A positive typing response for HLADw14 in conventional cellular typing requires the combinatorial association of two or more HLA-Dwl4-associated allodeterminants.
One of the most intriguing problems of modern immunology is the remarkable association of a large number of human diseases with the major histocompatibility complex (MHC) (1, 2) . The majority of these diseases seem to have a strong association with the MHC class II molecules, the products of the HLA-D region, which may represent the human immune response genes (3, 4 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. MN). HLA-DR typing was performed by conventional cytotoxicity on nylon wool-purified, peripheral blood lymphocytes (PBL) or B-lymphoblastoid cell lines by using a panel of antisera recognizing HLA-DR1 through -DRw10 (17) . HLA-D typing by primed lymphocyte typing reagents (PLT) was performed as described (18, 19 (Fig. 1) . In addition to healthy controls this panel included patients with seropositive rheumatoid arthritis and patients with type I diabetes. Seven out of 40 of these individuals were Dw14+ by the primed lymphocyte typing technique, which is in the range of reported frequencies (8, 9) . Four additional Dw4/Dwl4 heterozygous cell lines from patients with seropositive juvenile rheumatoid arthritis were provided by G. Nepom (University of Washington, Seattle) and are included in the panel. Surprisingly, these T-cell clones that were specific for Dwl4-associated epitopes on the panel of homozygous typing cells (Table 1) were reactive against different subsets of the DR4 haplotypes and recognized non-Dwl4+ cells. The Dw14 determinant recognized by clone T4-31 was present at a high frequency, 20 out of 44 stimulators induced proliferation. Clone C1-19 was reactive against a Dwl4-associated allodeterminant that was somewhat less frequent (15 out of 44) among the DR4 phenotypes but was clearly not included within the subset defined by clone T4-31. Concurrent expression of both epitopes was infrequent (6 out of 44 individuals) but the stimulator cells that were recognized by both clones typed Dw14+.
The majority of stimulators seen by either clone T4-31 or by C1-19 were Dwl4-negative by PLT indicating that the expression of only one Dwl4-associated determinant did not elicit a Dw 14-typing response. The fact that cells from five persons, who were typed as Dwl4-positive by PLT, induced proliferation in only one of the two clones suggested the possibility that there exist additional Dwl4-associated determinants that were not defined by these two alloreactive T-cell clones. The functional importance of the determinants de- fined by these two clones was, however, emphasized by the finding that all Dwl4-positive individuals were included within the subset defined by one or the other of these two clones.
Concurrent 6 of which belong to the Dw14+ subgroup. The reactivity pattern of the three Dwl4-specific alloreactive clones on the 11 Dw14+ stimulators is presented in Fig. 2 . All individuals who typed Dw14+ by PLT Fig. 3 provided strong evidence that T4-31 recognized a T-cell epitope on products of the HLA-DR region whereas C1-19 was directed against a DQ-encoded molecule. Proliferation ofclone T4-31 was efficiently blocked by four different DR-specific monoclonal antibodies (Fig.  3A) . In DR4 haplotypes, monoclonal antibody P4.1 immunoprecipitated only one DR chain (J. Hansen and G. Nepom, personal communication). L243 and L203 bound to at least two species of DR antigens (10, 11) . These data suggested that the epitope seen by T4-31 resided on an c-/3 dimer of the DR region. None ofthe three anti-DQ antibodies inhibited the proliferative response of clone T4-31 (Fig. 3A) . Proliferation ofclone C1-19 was not affected by any ofthe DR specific antibodies, but was significantly blocked by one of the DQ-specific antibodies, IVD12 (Fig. 3B) . In the presence of monoclonal antibody IVD12, the proliferation response of clone Cl-19 was reduced by 70%. Blocking of DP molecules by monoclonal antibody B7/21 did not influence the proliferation of either of these two clones (data not shown).
T4-31 and GA 1-5 Are Directed Against Distinct DR Determinants. Target inhibition studies using an identical panel of monoclonal antibodies demonstrated that clone GA1-5 was directed against a DR-encoded molecule. Addition of anti-DQ or anti-DP antibodies did not affect the proliferative response of clone GA1-5. As shown in Fig. 4 , monoclonal antibodies L203, L243, and P4.1 strongly inhibited the reaction of GA1-5; P4.1 was the most effective blocking antibody. In contrast to the DR-reactive clone T4-31, DRreactive clone GA1-5 could not be blocked by monoclonal antibody L227. The differential blocking pattern induced by the four DR-specific antibodies indicated that T4-31 and GA1-5 recognized distinct T-cell epitopes.
DISCUSSION
Similar to the I region of the mouse, the human HLA-D region encodes a highly polymorphic family of cell surface glycoproteins. Gene products encoded within that region stimulate the proliferation of allogeneic lymphocytes, the basis for the definition of HLA-D specificities (5, 7) . The technique of HLA-D typing by mixed-lymphocyte culture depends on the similarity of the donor cells (being typed) to a panel of commonly accepted homozygous typing lines. Interpretation of typing data has been complicated by the lack of a clear-cut differentiation between positive and negative typing responses (20) . In the primed lymphocyte typing assay, as well as the typing utilizing homozygous typing cells, an arbitrary cutoff for positive and negative responses has been chosen (8, 19, 21) because complete or almost complete identity of HLA-D allostimulating antigens appeared to be the exception (21) . More recent approaches to HLA-D typing included biochemical and genetic analysis of the HLA-D molecules and genes (22, 23 (Fig. 4) . Monoclonal antibody P4.1 immunoprecipitated a single DR /3 chain in DR4 haplotypes and blocked the proliferation ofboth DR-reactive T-cell clones. These data suggested that these two T-cell epitopes were present on a single DR molecule.
In a population of unrelated DR4' individuals, the Dw14-associated determinants were present in both Dwl4-positive and Dwl4-negative donors. This suggested that Dwl4 was not defined by a unique MHC class II determinant. The demonstration that stimulators that carried at least two out of the three Dwl4-associated determinants seen by these three clones were Dw14+ suggested that a combinatorial association of T-cell epitopes were required for HLA-Dwl4 typing. The functional role of a similar gene-dose effect in allostimulation has been demonstrated in the murine system (24) . In our group of Dw14+ stimulators, we found all four possible combinatorial associations of the three different Dwl4-associated determinants. The concurrent expression of the DQ-Dwl4-associated T-cell epitope and one of the DR-Dwl4-associated determinants as well as the combination ofboth DR-Dwl4-associated determinants was sufficient to induce a Dw14+ PLT response. 
